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[#WZE] B WHEHE BPA 1 DEHP X AE R RATFIE AKRIC3 (U5, ik 56 HAFEmEM:E SD K
SUBEHLAY I 7 41, 4520 8 H, 43 BIREH 45F BPA(10 .30 #1190 pg/kg) , DEHP (30,90 1 270 pg/kg) A, ZE 4% 4
Jil, ST ARIRG 25 24 h 5 RIERJGE SR AL, SVECRT SRR IE 430, R ELISA Y546 DU 1 5 AR S AR h AKR1C3 7K,
FIH e A6 2 B & b i 51 AR AKRIC3 (R ATE L, &R 4 T BPA J5, JEMIAT SR 90 ne/ke 741
AKRI1C3 3k VR TR (P<0. 05) ; FFMIATHI R 10 we/kg 7440 AKR1C3 KR H #2898 EE T
XTREZH (P<0.01,P<0.001) , 47 DEHP J5,270 pe/kg FIE A ML AKR1C3 7K1 3 M i T X R4 (P<0.001) ,
FEDFTH 4% 2 AKR1C3 7K P24 8 M s T %3 B4 ( P<0. 05, P<0.01) ,270 pe/kg FliH4H AKRIC3 HEHAF BB
PERE TR BRZH ( P<0. 05) s TN TTH AR 30 ne/kg F1 90 we/ke FIHE2H AKR1C3 323k b & TXFBR2H ( P<0. 001, P<
0.05), #5i® (KK BPA Al DEHP HREME i AR K BRATSI IR AKR1C3 ik {44 HIFI AR XS BPA F1 DEHP [
KA A,
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Effects of low-dose BPA and DEHP on AKR1C3 expression
in the adult rat prostate
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[ Abstract]  Objective To investigate the effects of low doses of bisphenol A (BPA) and di (2-ethyl) hexyl
phthalate (DEHP) on aldo-keto reductase 1C3 ( AKR1C3) expression in adult SD rats. Methods Fifty-six adult male SD
rats were randomly divided into seven groups (n =8 rats in each group) and administrated BPA (10, 30 and 90 pg/kg, i.
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g. ), DEHP (30, 90 and 270 pg/kg, i.g. ), or the vehicle once a day for 4 weeks. The animals were sacrificed on the
day after the last treatment. Blood was collected, and prostate tissues were dissected and categorized into different lobes.
Levels of AKRIC3 in serum and prostate were measured by an enzyme-linked immunosorbent assay, and AKR1C3
expression in each prostate lobe was analyzed by immunohistochemistry. Results After BPA administration, AKR1C3
expression in the ventral prostate was increased, and a significant difference was found in the 90 wg/kg group (P<0.05).
AKRI1C3 protein expression in the dorsal prostate was increased, and a significant difference was found in the 10 ng/kg
group (P<0.01, P<0.001). After DEHP administration, the serum level of AKRIC3 in the 270 pg/kg group was
significantly higher than that in the control group (P<0.001), the AKR1C3 level in the ventral prostate was significantly
higher than that in the control group (P<0.05, P<0.01), AKRIC3 protein expression was increased, and a significant
difference was found in the 270 wg/kg group (P<0.05). The AKR1C3 level in the dorsal prostate of the 30 and 90 pg/kg
Low-dose BPA and DEHP promotes

AKR1C3 expression in the prostate of adult SD rats, but the sensitivities of ventral and dorsal prostate lobes to BPA and

groups was higher than that in the control group ( P<0.001, P<0.05). Conclusions

DEHP are different.
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W A (bisphenol A, BPA) FIZEA — HI R — (2-
Z.FE) OBE (di (2-ethylhexyl) phthalate, DEHP ) j& ¥
g S BB RIS N 4 W T Y (environmental
endocrine disruptors, EDCs) , | {Z /£ 76 T 7 7] J7
BE SRR At DL R R DIRER R
FERT A A W20 AR N S 1 9 23 I BILRE H
PUZETHL, DT RS A= Py B AR Y 2B 5 1 22 1 A 5 3R
GeAER I REr B Bl Tk By & BPA Al
DEHP FREE 5 8 7] 5 S 6 A AR P 10 3 PR B 4F
T, REEEGMS54YE P (Food and Drug
Administration, FDA ) #1 & wIEE (U S
Environmental Protection Agency, EPA) ¥ 50 wg/kg
MR H AR« %4 A2 BPA IRk F
BT — T R IR, 23 %0 A 5 R GE AN i 1)
PREGA R K B P A s e, WF 5T 3R B AR IR 8 11
BPA(10 ng/ (kg « d) ) 2 FHUEM G /N BT S Hi
B 4 Bk AR BUE s 75 B I BEA BPA
(40 wg/ (kg - d)) PEAERTHI IR A0 M35 58, 175 S 10 Bl
JRCAE B IR b AR TR REAE g — R UL EDC,
DEHP AU B g i TEARXT B D A 2438 B, A
BRI R ETT T Fikia L A 4EME L DEHP
RIS A 5.7 8.1 F42.1 png/(kg - d)™,
K& i & 42 JRy B DEHP H i 32 58 AR ik 50
ng/ (kg - d), 1 EPA ¥ 20 ng/ (kg - ) VR4S
FZFRD T BPA R DEHP /) 2, FRAT 148
A ff A 58 e e 1) 1 9 3 X 7 R ) S e, S
i EDCs W78 {2 e KU 42 (L BRI LR

FATERTIOT T A, 45T BUAE A2 48 KRR

10~90 pg/kg 19 BPA BE 51 ol fie 2F /iy 1) JI% 3 2,
0.01~1 nmol BPA Al LIfg s K RUSACRITS I R - 5 4
J4%E 30 ~270 we/kg DEHP Xt #Z4F K BT 51 I A
e AR BPA A DEHP 4 oF 5 510 f5 0 A
PO P 2 A AL, 1 iR s A1 o) P 54 O SRR
P, TYUMERCR RS, R0 28— N 3 WA T LA K s
SRR VR T 40 M R R I A AR R S
[Fi] s P AT T30 ¢ IR A 75 5 A K LT 2) iR 48 28 v i
IR E D, A 3L [ (prostaglandin D, synthase
gene, PTGDS) K% K R R R S
STt DAL A 25 T R -5 T 47 R 11 R AL G

RIS AR A B ( prostaglandin synthase, PGS)
SSRGS B N2 R G0, TR N 1 18 AR 1O AR 1R A 354
PR A I W A A il B AR B 1 B I S R
£ FEAUIE A ALEE 2 ( Cyclooxygenase-2, COX-
2) AP 2R E & B ( prostaglandin E synthase,
PGES) JEZEGAIATHI IR E, & B 1 ( microsomal
prostaglandin E, synthase-1, mPGES-1) | Lipocalin %!
B AR % D & WL (lipocalin-type prostaglandin D
synthase, L-PGDS ) Fl §j %1 i & F & W B
(prostaglandin F synthase, PGFS) 4§, 7 PGS FJi%
Hr, Z T S IR R G R AR B A R R e,
PGFS AL HTF IR 2 H2( prostaglandin H2, PGH2)
FIRTSFIAEZE D (prostaglandin D, PGD) 7 4k Ry 115 51) i
% F(prostaglandin F,PGF) A i , PGF 7EMfEME )
Y RaA 2 5 ALk ShIs R o A G MEJR
KT T RE A PGES 923K Al PCF s &1
T34 5 1C3 ((aldo-keto reductase family 1 member
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C3,AKR1C3) J& PGFS fy—Fh, al {4k Sa— & S
(RMEBAR) ekl 3o~ f55 e W (HHEN ) , B4
MR 3,17 0 (55 HEPLER ) T Ak S R (o A
F) K MERR (SRR ) Fefk ol 178 M (R
Z) MM AKRIC3 2 55 520 FHE 3 2 AR, vT LA
Z 53R GURMEA LK KT Mg &tk
JEh InFLAR I | U0 S | AT S AR K T R AE SRR
sel2) RRGT R AKR1C3 {3 T M 2 4 o5 1%
LR it , JE B BRI ( prostate cancer, PCa) 41 il & AL
SER AR SE W ) O B il 7F — 28 PCa 4H g P
AKRIC3 o] i i 3% 06 Mt ¥ R % & (androgen
receptors, AR ) {5 538 I BUR AMEAUK - SR E A5 5
IEHE N A B SR AR,

FATIE K IALFH A BPA AT LA iR COX-2 Al
L-PGDS (33K , 5200 41 B 354 78 AT 12, I35 S i
H s A= BPA FIl DEHP £ Sy 378 iy BR 55 P 43
WA | 2753 BE R i HL At 71 57 R 38 A5 Bl 11 2
k7 BENAEDA AR, I, A SO 33T
5B & T BPA fil DEHP X §y 41 A Ff
AKR1C3 FFEMR , AFF 5% 45 5L by i 91 B 2 06 1) & 1E
PLHIR LS 4,

1 #eFnrE

1.1 SEI8Eh4

56 HUSAEMEM: SD KL (SPF 4%) ,6~7 Jili#, %
WCHT AR 140 ~ 160 g, 1A [ i V14 30 F 42 52 56 3h )
FEARAT BN 7] [ SCXK (#7)2019-0001] , 7 LT
HAWIEE 5 BORBEFEBE[ SYXK () 2019-0012 ] J5# it
RGEWNMFEZE3 A, EiE 20~26°C , FHXHRE 40%
~T70% , 6 BE ARG 45 12 by R/ By R ) ) e
F%, AMKK . i scss Ot bl A Py B 255
ARAFFE B s 55 5646 B A L PF (2019-28) , 4%
F5 H8 3R JE I 45T NGB SR
1.2 FERLFSNE

BPA (9% %5 239658, &% & =99%) . DEHP ( %
5. D201154, & i =99. 5%) ¥ T Sigma-Aldrich
)R LT 4E RSN (CMC-Na) ( 555:20140520)
W [ 245 4 A1k 25 3R A BR A A 5 A b 4 R g LA
0.5%1) CMC-Na ¥J2)4rHk, KEL PGFS ELISA Kit
(MBS9310151-96 ) 14 T 3& [&] MyBiosource 2\ Fl;
Rabbit Anti-AKR1C3  Antibody ( ab196673 ) W) F
Abcam 72 &) 5 BV % 40,95 2H fk UltraSensitive TM SP
R & (/AR (525 KIT9720)  # ) Bl bt J5i 48 52

W (55 :MVS-0066) . DAB (A5 (20x) (525 .
DAB-0031) | 75 A R & 4 i 4§+ A % (58 % CTS-
1090) \PBS WREhZ¢ il (#3754 (535 . PBS-0060)
BIe B AR B R A BR A ]

R K F B O HL( Allegra-12R, 3£ [
Beckman ) ; 0 I 4% 7% 3% 5% 46 ( SI-600R , i [E 74 &
B 5 MM Yk AR L ( DNX-9620, 4t 50 3% B 3 ) ;
Multiskan GO 429 K i #5 1X ( 1510-04177C, Thermo
Fisher Scientific) ; Leica A %] F HL (RM2126 , f# [
HFR) s Leica 4= H s Y A AL ( Leica STS010 £ [ £k
) ;6 WAL (DM3000, fEE ) .

1.3 L%
1.3.1 M2

56 H 3 J e SD K R A E LR 7
0 MR A RIRLL BPA 10 wg/kg .30 pg/kg .90 pg/
kg 4 20 A1 DEHP 30 pg/kg.90 wg/kg M 270 pg/
kg FlEE 4, B4 8 Hah¥y, 53 i B (intragastric
administration ,i. g. ) 45T 10 mL/kg ¥ I, A0 N 5 1
) BPA F DEHP 522 4 J&, sh¥) k& F ka1
AR T A 255, T4 4 JIRIRS 2524 h
Je B G 3% S EL H A, R IR OK B, iR 3 o0 ik
SR, AbBEh )

1.3.2  HiZBRIEAE

YA BE G, ) AT S AR L2, 6 =y o IR
PR 0 - K 45 I i 8 R 2H 20 R = Ay, —
53 FH 10% A IR B MO T 5, FH 19 B 40
TN R E TR T — 22 50T
1.3.3 ELISA K AKR1C3 7K

1 B kR I, & I/ S S 0 (3590 1/
min, 15 min) , 73BT . TSR 4 SURR 5 55 7
FERT 0 10(w = v) e A AEBERK T3 50K
AEVK DA, EAE 3 W, RS KIEE O
(3590 r/min, 15 min) , WA AT 75, ELISA %
K00 11375 1R 51 B R AKR1C3 K, 5 FIr A5 94k
TSP 22 % 3 5 2R AR K BV 4 R v, A T
K T bR o i 22 AR R VR B, = IR BCE 10 min £
M, MELBRMT .

JIRE IABR W S A RO 6 BV (25 1
fL) EAR AL

WEE . AAUIMAZE B IR A YA, BRI E R
JG 37CHFE 1 h,

PR A RS 7 25 VR R VR AR ALV
JKE A 400 pL, =200 10 s, 523 5 s, VoM 5 IR, LRk
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Je W R 48401

B LR YO A AR, B AR 5
37°CHOEIER 10 min,

Z b AFLINA 50 pl B IR IR G5, &
1E RN (B bl i A S ()

% .15 min LAY FH EEARACEFT I 2 (450 nm
W),

TR LA H bR o il 4 28 Bl 6 5 2 4 A
FEA OD fETHAREAR IR
1.3.4 bkl AKR1C3 #iAH 0L

SECTITS) B A i A - 2E 21 i R A e 4 Ak
TR G UL R B JEAT a0 R AR S K AL ZH R (S
min/ K ,2 IK) —Te/K LBE(S min/IK,2 K) —95% .
B (5 min/¥K,2 K) —75% LB (5 min/IK,2 IK) %
BT K (3 min/K,3 W) RBEE. U RRET
0.01 mol JFMEE W, (KB R 20 min, EEE A,
BUE S PBS 23k 2 min/ IR, 3 UK WM S 1L W it
BELURT . B 5K U0 i — 3 50 A, Z IR E 10 min,
PBS 2%t 3 min/ UK, 3 WK ; I3 £ AT - A5 5K U0 F i
—JHIRA) B, ZIRMEE 10 min; I1—$0 . BRI M
50 wL —4i(FATEXT B PBS #:4%) ,4C I F i1k,
PBS Bk 3 min/¥K, 3 U I it . A5k ¥ i —
TiRH ¢, FIEMEE 10 min; PBS 2%k 3 min/ik, 3
K, B R I —% 18 C, ZIRFE 10 min; PBS
RVE 3 min/WK,3 W 6 FiL ] DAB W (LI
i) B YR I 100 WL 83, s T ULER R
PR AR 2 1k e Y AR R E YL 4 min, K
b1 min, TR 4L 4 s, PEIKVE 11 min; TREH .
75% T (5 min/?ﬁ(,Z ) —95% £, % (5 min/IK,2
) —To/K L (5 min/IR,2 ) — —H 7K (5 min/

A 44

AKPIC3(ng/mL)

W20 s B R TR IR e, AR T AR

RRALBEI 6 A2 ) | BN SR 7k )
A9 10 S RLET U0 R H BB 7 6 J0RE S BH P
N, F Tmage-Pro Plus 6. 0 il ) 7 G 1 F- 256 %
B TR I ERIA I 2 g A, d IR FACR FH
77 229307, LA P<0. 05 #2253 B B &5k
1.4 Sit=EHiE

SR DO B e AR HE 2 (x£s) RoR,
SPSS 26. 0 #AF AT G153 B, 41 18] LR H B
EH LT, UL P<0. 05 TR 22 F HA WM

2 #HR

2.1 AKRIC3 kKFI

ELISA fill25 R Wos (B 1), 457 BPA 5,5
X IR AR HE , 4570 B 4H 098 AKR1C3 /KPG8 3 1
A5 Ak s B RT3 B AKR1C3 197K F-J6 B 8 28 4k, {5
90 pe/kg I & A WS R T X RE AL 1 M AT A
AKR1C3 /KT, 10 ne/kg FIH4A 52
S (P<0.01), 45T DEHP J&5, Fifi 2 5 & 59 5 i 37
AKR1C3 BY7KF ETF,270 pe/kg 7 &40 B &S T
XFHRZ (P<0.001) ; IEMIHT51 AR AKR1C3 7K-F- 34 5
FZVER T X AL (P<0.05, P<0.01) ; 25 0 7 1 i
H1,30 pe/kg 190 pe/keg FIHE4L AKRIC3 BY7KF- 5
TR, (£ 1)
2.2 EIFIBRAA R AKRIC3 HIRILER

SIEHEE R R, 45T BPA J5, 5 BRI AH
e, B ) G ) B, 30 we/kg A1 90 we/kg ) i 2H
AKR1C3 EiETHE, H 90 pe/kg FlEAA it =
SL(P<0.05) , FMIFTH R, #5754 AKRI1C3 %
KT, 10 pe/keg FI A A GZIF#FE L (P<

AKPIC3(ng/mL)

R & & & & & &
P FFFFF S

N
S

WAL B EMIRTIE ; C. I AT, SXTIRAEAHLL, * P<0.05, ™ P<0.01, ™ P<0.001,
Bl 1 BPA F1 DEHP Xf SD K B AETFI IR 2L AKR1C3 7K (5% 0

Note. A, Serum. B, Ventral prostatic lobe. C, Dorsal prostatic lobe. Compared with the control group, *P<0.05, ™ P<0.01, ™ P<0.001.

Figure 1 Effects of BPA and DEHP on the level of AKR1C3 in serum and prostate of SD rats
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0.001) ;%5 DEHP J& , 5% BRAAH I, MRS 4 AKR1C3 KB WY THE,30 we/kg #1190 wg/kg 7l
A FIEEAL AKRICS K THE 270 pg/kg Al BHAUA G52 X (P<0. 001, P<0.05) (L 2, [
WA G2 L (P<0.05) , S METF R, &5 2~K4),

F 1 BPA Hl DEHP X} SD K, AKR1C3 /K EHFEMA (x+s,n=8)
Table 1 Effects of BPA and DEHP on AKR1C3 level in SD rats

13 Groups Mk (pe/ke) 1175 (ng/mL) JEAFTZ IR (ng/g) ORI (ng/g)
- P Doses Serum Ventral prostatic lobe Dorsal prostatic lobe
Xt HEZH Control group 0 1. 18+0. 09 18.08+3.55 11.60+3. 78
10 0.96+0. 13 17.61+1. 24 18.10+4.57"
BPA 30 0.98+0. 11 17.84+2.22 12.30+0.73
90 1. 13+0. 08 19. 84+1. 06 16.52+2. 43
30 1. 14+0. 17 21.66+1.36" 16. 62+6.79
DEHP 90 1.31+0. 18 21.25+0.51" 14.39+3.75
270 2.76+0. 38 " 22.03+1.21™ 11. 67+0. 82

T SXHRAIMIEL, * P<0.05, ™ P<0.01, ™ P<0.001,
Note. Compared with the control group, " P<0.05, ™ P<0.01, ™ P<0.001.

i
Control group BPA 10 pg/kg BPA 30 ng/kg BPA 90 pg/kg

B2 BPA Al DEHP Xf SD K BUEMIFTHIIR AKR1C3 ZRIKHY S0
Figure 2 Effects of BPA and DEHP on the expression of AKR1C3 in ventral prostate of SD rats

X 20
Control group BPA 10 ng/kg BPA 30 pg/kg BPA 90 pg/kg

DEHP 30 png/kg

.
1 Lo
.

3 " ‘ 0T & L ML= . 3
B3 BPA Al DEHP XJ SD KR MIFTHIIR AKR1C3 FKIKH I
Figure 3 Effects of BPA and DEHP on the expression of AKR1C3 in dorsal prostate of SD rats
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A 044

0.3 4

0.2 4

ODffi
OD value

ODf
OD value

f=]

S

T A OURTSINR B AT IURTSIAR . SXHERAAALL, © P<0.05, ™ P<0.001,
B4 BPA Hil DEHP Xf SD K ELTFI R AKRIC3 Rk HI5L
Note. A, Ventral prostatic lobe. B, Dorsal prostatic lobe. Compared with the control group, *P<0.05, ™ P<0.001.
Figure 4 Effects of BPA and DEHP on the expression of AKR1C3 in prostate of SD rats

%2 BPA Fl DEHP X} SD K RUATH1 AKR1C3
FIRWIFEI (x5 ,n=8)
Table 2 Effects of BPA and DEHP on the expression of
AKRIC3 in prostateOf SD rats

- A0 T 1) it HETS IR
4B R (pe/ke) o o TR
Ventral prostatic Dorsal prostatic
Groups Doses
lobe lobe
poiite
IR 0 0.181+0.015 0. 128+0. 029
Control group
10 0.177£0.009  0.206+0. 020
BPA 30 0.197+0.010 0. 151+0.011
90 0.236+0.016" 0. 157+0. 021
30 0.211£0.021  0.225+0.010 ***
DEHP 90 0.201+0.020  0.171+0.019"
270 0.247+0.047" 0.1540. 022

TS RAM, * P<0.05, ™ P<0.001,
Note. Compared with the control group, * P<0.05, ™ P<0.001.

3 itig

BPA Fl DEHP R 7z, AT 0T LA o $ 5L
WA BRI 5 2 Fh it R g L AR RS &
B, 45T 10~90 pg/kg 1Y BPA Fl1 30 ~270 pg/kg
DEHP J& , AKR1C3 7K F2E (1 #ak ¥ T, 8 00 i
B et v v 7 e 2 2 PR LA B S T 0 30 A
IR o 2 2% IR Oy B RO T 0 1 0 B e ke
BPA 1 DEHP HUHUR%, 1 A 2 38 FR7E B 2T 2 40 il
H: K -2 (fibroblast growth factor-2, FGF-2) & ik
() BE DR /N B e 5 O T 270 A L Bz 34 A= LU RE A i B
/B O 1 300 B 1T R 5N B R LA (D
T30 J 8 A= R 500 g JL T &0 08 T B8 A 74 i
Rl AREE e B 8 5 o A A P 7 R
FEAR AP A 5 BP AF- g ILZH 2L rf PGFS (3R 3A T
W R S AR T LI PGF2c 4330, A

BHINET S MR R FL2 (prostaglandin FL2, PGFL2 ) &
PRI 23, AT 412 20 A4 20 200 1 305 g st o)
BPA fil DEHP £ 2 FiE Y MEBL R , SR EH
AR, P REE AL [R) B (I AR X AKRIC3 [ 3Rk =
AN

AKRI1C3 /& PGFS By — i, A fi# fb 58 55 MW &=
V) P2 Al LA % 553 95 28 B A Ay e E VR 3R X e o
7R L 2 e A R 3R Rk R 1 R A L Rk 2
TP B AR 6 AR (A X 8 A . AKR1C3 1] LR
AR 5515 PR A B, A5 SR 1A AL,
WRTLIER AR BYFL0E DR DA B ARl v Jr =X i
% AR, AKRIC3 TERTHI MR RAL G W& b A &
B/EH, 2 AL PGH2 F1 PGD2 = i il %) i 5
PGF2a .PGF9a F1 11B-PGF2, JLH: X PGD2 WAL
TR RS R AR A b A AR G P
M E MR, AR K R E 5 M 2 08 % DA
%, TERTHIIE T AKRLC3 5 363k, RETE T 2 [ 5%
KW, SR IRIR R Z ARG &, BOs IR T A K
PRI F-f MAP (8 A2 42 o 40 65 | 38 BE e 2 g
222 M B4k, PGD2 T NF-xB {5 538 #% 4
X, AKR1C3 /51 PGD2 s 23 31H] NF-kB 38 B
AKRIC3 A F] LI EH#: 5 NF-xB M R Z 1K o
(estrogen receptor-a, ERa) ) DNA 2 44 1k 5% 3 J¢
7, i NF-kB Fl ERow RS 14 356 PR 3 S 38 m , AT i
PEpE R KA

Zi ERF G5 BPA Al DEHP R LA F 4R
SD K FUATFI MR AKR1C3 [R5, AT 2 B 5
P A2 0 i 4 R 2R 9, R AR fE
5 P A NF-kB {5538 6 7E BPH (19 & e h 34 & 15
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FIAE $2R AKRIC3 93 63K AT fE & BPA
A DEHP 5275 AR 3 24 1 1 AL 22—, (B2,
FZRR 2 B 10 B T 50 A 400 e 33 v 4 1 ML A
DA S 5 e e 38 38 %7 A 22 ) A 3 4 S 2R A T B i —
AL

S 3k
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